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© Bilayer metallization cap for photolithography. 
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© A process of patterning a conductive layer on a 
substrate avoiding webbing yet permitting high den- 
sity patterning places two layers between the resist 
and the metal. The first layer is an anti reflective 
coating such as titanium nitride applied to the metal. 
The second layer is a barrier comprising silicon such 
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as sputtered silicon or Si02. The barrier layer may 
also be a thin coating of spin-on glass. The barrier 
layer prevents interaction between the TIN and acid 
groups which are generated during exposure of the 
resist. With this structure in place the resist is ap- 
plied, exposed and developed. 



FIG. 1A 



tVvW4 kV^T 



20' 

18- 
16 - 
14 ' 

12 
10 



V //// ////// / / // // // // // // // // " V * V ' ' f * ' " 

//, if /in ftffttnitiJftftf/ftfttn/f ft ///// 




2b 



\\\\\\\\\\\\\ x 
\\\\\\\\\\\\\\ 
h\\\\\ \\\\\\\\\ 



Rank Xerox (UK) Business Services 



1 



EP 0 501 178 A1 



2 



This invention-relates to semiconductor pro- 
cessing and, more particularly, to a process for 
patterning a metallization lay r using a deep UV 
photo-r sist. 

In the fabrication of integrated circuit d vices, 
on or more metallic layers, typically aluminum or 
titanium are deposited and subsequently patterned 
to provide contacts and/or electrical connections 
between various circuit elements. Conventionally, a 
photoresist is deposited over the metallic layer and 
then exposed to a light pattern and developed. If 
the metallic layer is aluminum, the metal of choice, 
then it is selectively plasma etched with a chlorine- 
containing gas through openings in the resist layer. 
The remaining photoresist is then removed leaving 
the desired metallic pattern. 

Various coatings have been used over the re- 
flftftjyfi fllmfltnnm nr titanium surfaces to improve 
r sist patterning control. These coatings which are 
antireflective, reduce interference effects and dif- 
fuse scattering. They are particularly effective if the 
illumination is monochromatic. However, the effects 
have become less tolerable as line width and pitch 
have reduced with newer generations of integrated 
circuit configurations having greater density. 

In the past, silicon has been the material of 
choice for use as an antireflective cap. However, 
silicon has a potential to diffuse into the aluminum 
metallization at temperatures in the order of 
200 ' C. That temperature range is typically 
achieved in dry plasma photo rework processes, 
post-etch resist stripping, and metal annealing. Sili- 
con diffusion results in loss of Al/Cu integrity. It 
thus effectively eliminates the possibility of photo 
r work due to the loss of the antireflective coating. 
Given these difficulties with the use of silicon as a 
cap material, titanium nitride has been employed 
as a substitute. It is readily sputtered in situ follow- 
ing the sputtering of the Al/Cu/Si layer. 

Reference is made to U.S. Patent 4,820,611 
which describes the use of titanium nitride as an 
antireflective coating in a photolithographic pro- 
c ss. In the 611 patent, the process comprises the 
steps of interposing a layer of TIN between a metal 
lay r, typically aluminum, and a resist layer. This is 
done to reduce the amount of light reflected back 
from the metal surface into the resist during expo- 
sure. 

Other techniques have been described in the 
literature to improve patterning by the use of an- 
tir flective layers. U.S. Patent 3,884,698 employs 
an antireflective layer that it is interposed between 
an insulating layer, typically aluminum oxide, and a 
r sist to promot uniform xposur of th r sist. In 
this system uniform exposur of th resist occurs 
by eliminating reflected light from the interface 
between th insulating lay r and the substrat . The 
antireflectiv layer may b a metal such as molyb- 



d num or tantalum nitrid . 

U.S. Patent 4,587,138 r lates to a technique for 
forming a patterned conductive layer by employing 
a low temperatur spin on glass containing a dye 

5 which is used as an antir flectiv coating between 
a resist and a conductive layer such as aluminum 
or aluminum/silicon. 

In these prior art techniques, the antireflective 
layer is employed in contact with the resist. This in 

io turn creates problems heretofore unsolved in the 
art particularly as device density increases into the 
submicron regime. At those density levels, it is 
necessary to employ deep-UV photolithographic 
imaging employing wavelengths in the order of 

75 250nm to achieve the required resolution. There 
are few resist systems which exist that are capable 
of printing reliable images of less than 
0.7micrometers.Such resist systems while working 
acceptably over oxide and silicon surfaces do not 

20 perform satisfactorily when placed in direct contact 
with a nitride layer. Thus, contemporary resist sys- 
tems can be used in combination with nitride layers 
for only selective processing. 

For example, many levels are compatible with 

25 such contemporary resist systems, but other levels 
are not. The preferred resist system is an acid- 
catalyzed system, that is, one where acid groups 
are generated during exposure of the resist to 
radiation of a wavelength sufficient to initiate the 

30 photochemical reaction. An example of an acid- 
catalyst system is found in U.S. Patent 4,491,628. 
When using such an acid-catalyzed resist system, 
photolithographic patterning utilizing a TiN cap is 
unsatisfactory. Specifically, at those levels 

35 "webbing" or joining at the base of the resist 
sructures is observed. Such a defect does not 
dissolve with satisfactory structure definition even 
when excess developing is employed. It is believed 
that this defect is a consequence of chemical inter- 

40 action between the TiN surface and the base of the 
photoresist layer. The result of this interaction ren- 
ders the bottom portion of the resist immune to 
either deep UV photoimaging or image developing 
operations. Thus, this failure to develop the resist 

45 causes defects, such as "webbing" between the 
photoresist features. 

Given these deficiencies in the prior art, it is an 
object of this invention to prevent the interaction 
between the resist and an antireflective cap film to 

so permit reliable submicron photo-imaging. 

This invention provides a satisfactory barrier 
that avoids undesirable interactions while at the 
same time providing a technique that achieves 
photolithographic low r flectivity. 

55 This invention further provides a n jrnproy^ 

c cap ^y^ur^that allows photo-rework "procesilrvg 
wifh^rjT^crificing th cap layer, and a cap mat rial 
that is easily applied yet can be remov d utilizing 
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conventional techniques. — 
In a first embodim nt this is achi ved by inter- 
posing at I ast tw lay rs, an antir flectiv lay r 
and a barrier lay r b twe n the r sist and the 
metal. In a first step, an anti r flectiv coating 
preferably titanium nitride is applied to the metal 
The titanium nitride also provides proper adhesion 
for the second, barrier layer. This barrier layer 
comprises a silicon containing material such as 
sputtered silicon or SiCfe which is applied directly 10 
to the antireflective layer. The barrier layer is re- 
quired to prevent interaction between the TiN and 
the acid groups which are generated during expo- 
sure of the resist. Without the barrier layer, the 
basic character of the nitride results in chemical is 
interaction with the acid groups such that the resist 
film will remain in undesired areas following devel- 
opment. The required vertical profiles, for example, 
side wall of metal lines are thus not achieved. 
Additionally, the TiN serves to prevent silicon trans- 20 
port from the barrier layer to the aluminum contain- 
ing metal layer. In accordance with this first em- 
bodiment, the resist is then exposed and devel- 
oped to form the desired image having the re- 
quired vertical profiles which is then transferred to 25 
the metallization layer. 

In a second preferred embodiment of this in- 
vention the barrier layer is a thin coating of spin-on 
glass. The spin-on glass serves as a thin oxide 
layer to prevent interaction between the TiN and 30 
the resist. 

These and other aspects of this invention will 
be described in greater detail by referring to the 
attached drawing and the description of the pre- 
ferred embodiments that follow. 35 

It will be understood by those working in this 
t chnology that the drawings herein are not drawn 
to scale and are intended to illustrate only one 
portion of the process of forming an integrated 
circuit in accordance with this invention. aq 
Fig. 1A illustrates a cross sectional view of a 
portion of an integrated circuit structure illustrat- 
ing a first step in the process of this invention; 
Fig. 1B is a cross sectional view of a portion of 
integrated circuit structure illustrating a second 45 
step in the process of this invention; 
Fig. 1C is a cross section of a portion of in- 
tegrated circuit structure in Fig. 1 B illustrating a 
subsequent step in the process of the present 
invention; and so 
Figs. 2 and 28 are microphotographs illustrating 
a structure made in accordance with this inven- 
tion. 

Referring now to Figs. 1A, 1B and 1C, th 
essential steps in the practice of this invention will 55 
be described. In Fig. 1A, on a silicon or glass 
substrat 10 a highly r flective m tallic layer is 
formed. As illustrated, the highly reflectiv metallic 



layer compris s, in this pr f rred embodiment, a 
titanium layer 12 and a lay r of Al/Cu/Si 14 depos- 
ited thereon. It will be appreciated by thos work- 
ing in this technology that th inv ntion is not 
restricted to such a Al/Cu/Si/Ti structure but rather, 
can be practiced with any metallic highly reflective 
layer. Deposition of the metallic layer is by known 
technology. 

In accordance with this invention next, aJ)Hay_er \ 
metallization cap is placed over the highly reflec- 
tive metal layer 14. A layer 16 of approximately 15 
nm of TiN is sputtered deposited over layer 14. In 
turn, a layer of approximately 25 nm of Si is then 
sputtered over layer 16 without breaking the vacu- 
um. The Si layer is illustrated by numeral 18 in Fig. 
1A. -?sd 

A deep UV resist layer 20 is then applied on 
the Si layer 18. This resist may be that described 
in U.S. Patent 4,491 ,628, the disclosure of which is 
expressly incorporated by reference. The resist 
layer 20 is an acid-catalyzed system. That is, it is 
one where acid groups are generated during jjxjk>_ 
sure of the resist to dee pUV. ^ 

As illustrated in l-!g7 1A, the^bilayet^noatolr, 
lization cap acts as a mutual barrier_ to prevent 
potentially undesirable interactions while at the 
same time satisfying the photolithographic require- 
ment for reduced reflectivity. Specifically, the TIN 
layer 16 serves to prevent Si from diffusing into the 
Al/Cu during high temperature processing. The Si 
layer 18 prevents the TiN from interacting ad- 
versely with the deep UV photoresist layer 20. 

A suitable mask 22 has openings 24 associated 
therewith defining the pattern. The apertures 24 
allow light or optical radiation to pass through and 
expose only those portions of the resist layer 20 
underlying the apertures. This results in patterning 
of the resist as illustrated in Fig. IB. Following 
exposure of the resist 20, the layer is developed 
using solvents to remove those exposed portions. 
Processing of the resist is described in U.S. Patent 
4,491,628. The resulting stack is illustrated in Fig. 
1B. 

Next, processing of the antireflective bilayer is 
accomplished utilizing conventional etching tech- 
niques. That is, portions of the Si or SiQ2 layer 18 
and the TiN layer are etched by utilizing plasma 
etching or the like as is well established in this 
technology. This in turn uncovers portions of the 
underlying metal layer 14 for subsequent process- 
ing as illustrated in Fig. 1C. 

Figs. 2A and 2B are microphotographs illustrat- 
ing the intermediate product obtained utilizing the 
bilayer metallization cap which has th TiN cap 
layer separated from th resist layer 20 by means 
of the Si lay r 18. As illustrated, there is no w b- 
bing at th base of th trenches. Rather, th sys- 
t m exhibits nearly straight wall profiles to the bas 
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of th side wall. 

In a second preferred mbodiment of this in- 
vention, th silicon lay r 18 is r placed with a thin 
lay r of spin on glass on top of th TIN layer 16. 
The spin on glass may be a material such as 5 
s lected alkoxysilanes, "SCfe" a commercial prod- 
uct manufactured by Allied Signal Corp. which is a 
methyl phenyj_ silsesquioxane, an amino sil- 
s squioxane disclosed in U.S. Patent 4,981,530 
and variations thereof. Such materials are spin ap- w 
plied to the TIN layer and then baked. The bake 
t mperature is approximately 10* higher than that 
of the temperatures used to apply the resist layer 
20. This prevents outgassing. The spun on glass 
layer thus acts as a thin SiQ2 layer that prevents is 
int raction between the anti reflective layer of TIN 
and the resist 20. The same results are achieved in 
this system. That is, complete developing of the 
resist occurs thus avoiding the webbing which is a 
characteristic of prior art techniques. 20 

H will be appreciated by those having working 
skill in this technology that other modifications of 
this invention may be practiced without departing 
from the essential scope thereof. 

25 

Claims 

1- A method for forming a patterned conductive 
layer comprising the steps of: 

30 

forming a conductive layer on a surface of a 
substrate; 

applying a metal nitride anti reflective layer 
over said conductive layer; 35 



forming a barrier layer having a silicon-contain- 
ing component to said anti reflection layer; 

applying a resist layer to said barrier layer, 
said resist containing a photoinitiator which 
generates acid groups upon exposure to radi- 
ation, said barrier layer inhibiting interaction 
between said antireflective layer and said acid 
groups generated during exposure of said re- 
sist; 

exposing and developing said resist to uncover 
portions of said barrier layer in an image; and 

removing said uncovered portions of said bar- 
rier layer and corresponding underlying por- 
tions of both said antireflective layer and said 
conductive lay r to form a patt med conduc- 
ts layer. 

2. A m thod for patt ming a conductive layer 
comprising the steps of; 



forming a conductiv layer to be patt rned on 
a surfac of a substrat ; 

applying a metal nitric! antireflective layer 
over the surface of said conductive layer; 

forming a barrier layer which includes a 
silicon-containing component to the surface of 
said antireflective layer; 

applying a resist layer to said barrier layer, 
said resist containing a photoinitiator which 
generates acid groups upon exposure to radi- 
ation, said barrier layer inhibiting interaction 
between said antireflective layer and said acid 
groups generated during exposure of said re- 
sist; 

exposing and developing said resist to uncover 
portions of said barrier layer in a patterned 
image; 

removing said uncovered portions of said bar- 
rier layer; and 

removing corresponding underlaying portions 
of barrier layer; and 

removing corresponding underlying portions of 
both said antireflective layer and said conduc- 
tive layer to form a patterned conductive layer. 

a The method of claim 1 or of claim 2 wherein 
said antireflective layer comprises TIN and 
said barrier layer is Si, SiCfe or spin on glass. 

4. The method of claim 3 wherein said spin on 
glass is selected from the group consisting of 

40 alkoxysilanes, methyl phenyl silsesquioxane 

and amino silsesquioxane. 

5. The method of claim 1 or claim 2 wherein said 
conductive layer comprises a layer of Tl on 

45 said substrate and a layer of Al/Cu/Si applied 
to said Ti layer. 

6. The method of claim 1 or of claim 2 wherein 
said barrier layer comprises silicon dioxide or 

50 sputtered silicon. 

7. The method of claim 1 or of claim 2 wherein 
said step of exposing comprises the step of 

xposing said r sist to light of a wav I ngth 
55 sufficient to initiate th photoch mical reaction. 

a Th method of claim 1 or of claim 2 wh r in 
said conductiv layer compris s the steps of 
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sputter coating said substrat with a layer of TI 
and sputter coating said Ti layer with a layer of 
Al/Cu/Si. 
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FIG. I A 
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FIG. IB 
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FIG. 1C 



20 

18 
16 
14 
12 



v/j/a 

///// 

//// 

//// 

//// 

V, /.//./ 



zzxz 




Vs/A 



V i >/ A 
///// 
///// 
Y///// 
////// 

WSJ 




VTTT 

//// 
//// 
//// 
y/// 
/ , / /, ( 



V 



'M \ \\ \\ \\ \\ \\ \ 

)\ A x \ \ \ \ \ \ \ \ \ 



6 



EP 0 501 178 A1 



FIG. 2 A 
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